Escherichia coli, including Shiga-like toxin producing E. coli (STEC), serogroup O157:H7 and E. coli O157, were isolated from raw beef marketed in Sarawak and Sabah, East Malaysia. Molecular subtyping by pulsed-field gel electrophoresis (PFGE) was performed on 51 confirmed E. coli isolates. Of the 51 isolates, five were E. coli O157:H7, four E. coli O157, two non-O157 STEC and 40 other E. coli isolates (non-STEC). Digestion of chromosomal DNA from these E. coli isolates with restriction endonuclease XbaI (5¢-TCTAGA-3¢), followed by PFGE, produced 45 restriction endonuclease digestion profiles (REDPs) of 10-18 bands. E. coli O157:H7 isolates from one beef sample were found to have identical PFGE profiles. In contrast, E. coli serogroup O157 from different beef samples displayed considerable differences in their PFGE profiles. These suggested that E. coli isolates of both serogroups were not closely related. A large variety of PFGE patterns among non-STEC isolates were observed, demonstrating a high clonal diversity of E. coli in the beef marketed in East Malaysia. The distance matrix values (D), calculated showed that none of the pathogenic E. coli strains displayed close genetic relationship with the non-STEC strains. Based on the PFGE profiles, a dendrogram was generated and the isolates were grouped into five PFGE clusters (A-E). From the dendrogram, the most related isolates were E. coli O157:H7, grouped within cluster B. The STEC O157:H7 beef isolates were more closely related to the clinical E. coli O157:H7 isolate than the E. coli O157:H7 reference culture, EDL933. Cluster A, comprising many of other E. coli isolates was shown to be the most heterogeneous. PFGE was shown to possess high discriminatory power in typing pathogenic and non-pathogenic E. coli strains, and useful in studying possible clonal relationship among strains.
Introduction
Escherichia coli is a common commensal of the human gastrointestinal tract. However, under certain conditions strains of E. coli can cause disease. Shiga-like toxin-producing E. coli (STEC) has been implicated as the causative agent in several human diseases (Nataro & Kaper 1998; Paton & Paton 1998) , with E. coli O157:H7 being the most well known among them. These diseases range from mild diarrhea, hemorrhagic colitis (HC), to complicated conditions, such as hemolytic-uremic syndrome (HUS) and thrombotic thrombocytopenic purpura (TTP). Cattle are generally considered to be the major reservoir of both E. coli O157 and non-O157 STEC (Bettelheim 2000) . Due to the threat pathogenic E. coli pose to public health, characterisation of the E. coli in food samples is essential. Several different methods for E. coli characterisation are being used to identify genetic differences among E. coli isolates. . Among these, pulsed-field gel electrophoresis (PFGE) was shown to produce highly discriminant genotyping and it was identified as the 'gold standard' for molecular subtyping of E. coli isolates (Preston et al. 2000; Rios et al. 1999) . The purpose of this study was to evaluate by PFGE the genetic diversity as well as relatedness of E. coli O157:H7, E. coli O157, STEC and other E. coli strains (non-STEC) isolated from raw beef marketed in East Malaysia.
Materials and methods

Bacterial strains
Fifty-one E. coli isolates previously isolated from raw beef marketed in East Malaysia were used in this study. Confirmation of the isolates were conducted using the latex agglutination test with E. coli 0157 test kit (Oxoid), 
